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Captured older stars as the reason for apparently 
prolonged star formation in young star clusters 
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ABSTRACT 

The existence of older stars within a young star cluster can be interpreted to imply 
that star formation occurs on time scales longer than a free-fall time of a pre-cluster 
cloud core. Here the idea is explored that these older stars are not related to the star 
formation process forming the young star cluster but rather that the orbits of older 
field stars are focused by the collapsing pre-cluster cloud core. Two effects appear: 
The focussing of stellar orbits leads to an enhancement of the density of field stars in 
the vicinity of the centre of the young star cluster. And due to the time-dependent 
potential of the forming cluster some of these stars can get bound gravitationally to the 
cluster. These stars exhibit similar kinematical properties as the newly formed stars 
and can not be distinguished from them on the basis of radial- velocity or proper-motion 
surveys. Such contaminations may lead to a wrong apparent star-formation history 
of a young cluster. In the case of the ONC the theoretical number of gravitationally 
bound older low-mass field stars agrees with the number of observed older low-mass 
stars. 
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1 INTRODUCTION 



' iPalla et all l|2005l ) determined the ages of 84 low-mass 
(m « 0.4 — 1.0 M©) stars in the Orion Nebula cluster 
(ONC) from isochrones and lithium depletion. Four of these 
stars have ages between 10 and 18 Myr, whereas the bulk of 
all stars have ages below 3 Myr. They conclude that stars in 
the ONC formed moderatly over a long time period exceed- 
ing 10 Myr ending in a sharp peak of star formation. This 
ag e spread of stars in th e ONC has already been recognised 
bv llsobe fc SesakH (|l982l ). who determined ages from 10* yr 
up to 30 Myr and that low-mass stars in the Orion Nebula 
region have the same ages as the oldest stars in the Orion 
association la. 

This contradicts recent results that the process of star 
formation is rapid. I n the case of the Taurus star form- 
mg region iHartmannl (|2003l ') has shown that after correct- 
ing the sample of stars for possible foreground contami- 
nation, the age spread narrows. Also, observations suggest 
that star formation occurs in only one or two crossing times 
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(|Elmegreenll2000l ) which results in age spreads much smaller 
than 10 Myr. 

Contrary to this, iTan. Krumholz fc McKe3 (|2006| ) 
present observational and theoretical arguments that rich 
star clusters requires at least several dynamical time-scales 
to form and they are quasi-equilibrium structures during 
their assembly. For the ONC they concluded that it has 
formed over > 3-4 dynamical times. 

Indeed, the measurements bv lPalla et al] l|2005h are ex- 
cellent, comparing ages of stars in the ONC derived with 
different methods. But the existence of older stars in the 
ONC must not stringently imply that star formation is 
an extended process. Given the velocity dispersion of the 
low-mass stars in the ONC is approximately 2.5 km s~^ 
iHillenbrand &: Hartmannlll998l ) a star not originating from 
the ONC can come from a place up to 25 pc away if it is 
10 Myr older than the cluster member stars. 

In the case of uj Cen (2.5 • 10^ Mq) 

iFellhauer. Kroupa fc Evanj l|2006t ) have shown that a 
massive stellar super-cluster may trap older galactic field 
stars during its formation process that are later detectable 
in the cluster as an apparent population of stars with a very 
different age and metallicity. Up to about 40% of its initial 
mass can be additionally gained from trapped disc stars. 
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while certain conditions may even lead to such a massive 
cluster capturing a multiple of its own mass. 

Here we show that a collapsing pre-ONC cloud core 
leads to an enhancement of fore- and background stars and 
to the capture of some older field stars so that they are 
gravitationally bound by the new star cluster. Given realistic 
initial conditions the order of magnitude of the number of 
captured stars agrees with the number of older low-mass 
stars in the ONC. These captured older stars have similar 
radial velocities and proper motions as the newly formed 
stars in the ONC and can therefore not be distinguished 
kinematically from the new stars, which will lead to a much 
wider derived age spread. 



2 MODEL 

The entire model consists of a collapsing pre-cluster cloud 
core embedded in a uniform field population of older stars, 
which — in the case of the ONC — can be a slowly expand- 
ing association. 

The collapsing pre-cluster cloud core is described by a 
time-dependent Plummer potential 



$ci(t) = -Mci G 



(1) 



where is the constant total mass of the collapsing cloud. 
The Plummer parameter, bci{t), is a function of time to de- 
scribe the growing potential starting with an infinite value 
and ending with a finite final value within a finite time to ac- 
count for the ongoing concentration of the pre-cluster cloud 
core forming a new star cluster. 

The background stars are set up in a sphere centred on 
the origin of the Plummer potential. The positions of the 
stars are uniformly distributed and their initially isotropic 
velocities have a Gaussian distribution. Choosing a field- 
sphere is uncritical as long as its radius is large enough. 

In this model the stars do not interact gravitationally. 
They move as test particles in an external potential. The 
stellar masses can be eliminated in the equation of motion 
and the result does not depend on the masses of the stars. 

The orbit of the fiel d stars are in t egrated using a 
standard Her mite scheme (|Makind Il99ll : iHut et al.l 1 19951 : 
lAarseth|[2003 ). The total energy is used to control the inte- 
gration. Due to the time-dependent cloud potential the total 
energy is not conserved. Therefore the path integral. 



W - 



-Fci ■ dr 



(2) 



of the stars in the force field of the cloud is computed. Given 
the energies. 



Eo^Uo + To and Et = Ut+Tt , 



(3) 



where Eq, Uq and To are the total, potential and kinetic 
energies at the initial time to and Et, Ut and Tt are the total, 
potential and kinetic energies at an arbitrary time point t, 
we control the calculations by the total energy error 



Eg - {Et - W) 

Eo 



(4) 



In all simulations the total relative energy error is less than 
10~^^ per particle. 



3 INITIAL CONDITIONS 

To simulate the capture of stars by the above model, initial 
conditions for the underlying stellar field population and the 
collapsing cloud must be specified. In the case of the ONC 
the stellar background population is given by a postulated 
surrounding association. 



3.1 Collapsing cloud 

According to lHillenbrand fc HartmannI (|l998h the virialized 
total mass of the ONC is determined to be about 4500 Mq 
while only one half is visible in stellar material. If virialisa- 
tion of the very young ONC is assumed before gas expulsion 
has started then the cloud mass, Afci, can be set to 4500 Mq. 

The cloud collapse begins at time tb and ends at te af- 
ter the collapse time, Tci, has elapsed. For a constant cloud 
mass the increasing compactness of the collapsing cloud is 
described by a Plummer parameter of -|-oo before the col- 
lapse starts and has the constant value bo when the collapse 
finishes. Between these points the Plummer parameter is 
interpolated simply by 



&cl(t) 




t <tt , 

t>te , 



(5) 



where te — th is the collapse time Tc. 
iHillenbrand fc HartmannI () 19981 ) specify the core ra- 
dius (projected half-density radius) of the current ONC to 
lie between 0.16 and 0.21 pc. The actual core radius and 
the Plummer radius 6o are related by 



c = f V2 - 1 V ho ~ 0.64 ho 



(6) 



which implies a current Plummer radius for the ONC be- 
tween 0.25 and 0.33 pc. Here we choose bo = 0.30 pc for the 
ONC as a mean value. 

The collapse time, Tc, of the pr e-cluster cloud c ore is 
estimated by the free-fall time scale (|Elmegreenll2000l ) 



iff 



R 



(7) 



If the extension of the cloud at the onset of collapse was 
1 pc, the corresponding free-fall time is computed to be 
about 0.22 Myr, in the case of 5 pc as the initial radius 
the free-fall time-scale is 2.50 Myr and 7.07 Myr for a 10 pc 
radius. By measu ring the offse t betw een HII- and CO-arms 
in spiral galaxies lEgusa et al.l (|2004l ) determined the time 
for star clusters to "hatch" from thei r natal c luster to be 
about 5 Myr. Also Weidner, Krouua fc Larseiil (.2004) con- 
clude from a comparison of star formation rates and max- 
imum cluster masses in a large ensemble of galaxies that 
pre-cluster cloud cores have radii of about 5 pc if they form 
in a free fall period. Because the possible collapse time-scale 
can vary over 2 decades the collapse time Tc is taken here to 
vary between 0.1 up and 10.0 Myr. 



3.2 Underlying field population 

The task to make a specific setup for the underlying field 
population at the onset of the collapse is far more diffi- 
cult than for the collapsing cloud. The conditions of the 
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stellar density before collapse have to be estimated. For 
example, the stellar local mass de nsity of the solar neigh- 
bourhoo d is about 0.1 Ma pc~ ^ ('Bahcall. Fl vnn fc Gould 



1992 ; Bienavme. Robin fc Creza . 1987 ; Kuiiken fc Gilmore 



1989l : lKroupa. Tout fc Gilmorelll993l'). In the compiled radial 



morphology around 8^C ( Hillenbrand fc Hartmaniil 1 19981 : 
iHerbig fc Terndrupl Il986l ) the outermost population (the 
Orion Ic association) has an extent of more than 25 pc. 
The embedding cloud Orion A also contains a large num- 
ber of small groups and a significant distribu ted population 
l|Megeath et all l2005l : [strom fc Stromlll993l ). The ONC is 
thus part of a region with low- and high mass star forma- 
tion in the recent past and at present. So it can be assumed 
that the stellar density must have been higher at the on- 
set of the pre-cluster cloud collapse than in the solar vicin- 
ity. We choose the background as a sphere with a radius of 
12.5 pc, corresponding to the extent of the embedding as- 
sociation. 2410 stars distributed in this sphere would give a 
mean number density of 0.3 stars pc~^ or a mass density of 
0.1 Mq pc~^ equal to the mean stellar mass density of the 
solar vicinity. Here, the number of background particles is 
rather taken to be 20000 on two grounds: the resulting den- 
sity, 2.44 stars pc~^ or 0.83 Mq pc~'^, is slightly higher than 
the density in the solar vicinity and this high number of par- 
ticles guaranties useful statistical results. These 20000 stars 
could have been formed e.g. in two ONC-type star clusters. 

In fact, the total number of stars within the setup sphere 
and its radius are not the primary parameters affecting the 
results, but rather the resulting number density and the ini- 
tial velocity dispersion. As these stars act as test particles 
the results can be scaled linearly with the initial uniform 
density. 

F or the brightest members of the ONC lvan Altena et al.l 
l|l98^ found a o ne-dimensional velocity dispersion of 
1.49 km s~^, while [jones fc Walkeij (1988) specify the ve- 
locity dispersion to be sli g htly l arger with 2.34 km s~^. In 
[Hillenbrand fc HartmannI (|l998l ) a value of 2.81 for stellar 
masses between 0.1 < m/M© < 0.3 and 2.24 km s~^ be- 
tween 1 < m/M© < 3 is reported. If the underlying stellar 
background population had a similar progenitor the veloc- 
ity dispersion can be assumed to be of the same order, i.e. 
1~3 kms"^ Thus we vary the one dimensional initial veloc- 
ity dispersion of the background sphere from 0.5 (0.87) up 
to 3 (5.20) km s~^ (three dimensional dispersion in paren- 
theses). 

Summarising, the choice of the initial background pop- 
ulation is a follows: 20000 particles are uniformly distributed 
over a sphere with a radius of 12.5 pc, giving a stellar density 
of 2.4 stars pc"''. The particles have a Maxwellian velocity 
distribution and a random direction. The velocity disper- 
sion, o", of the different models varies from 0.5 km s~^ to 
3.0 km s"'^. The background sphere and the collapsing cloud 
have the same velocity centroid. 



4 STELLAR CAPTURE 

4.1 Number of expected captured stars and the 
IMF 



out of the ONC-survey made by iHiUenbrandl (|l997l ). This 
ONC-survey covers 3500 stars within 2.5 pc of the central 
Trapezium. The low-mass stars of the sample have a mem- 
bership probability greater than 90 per cent. 6 stars (7.1 
per cent) of the sample of 84 stars have isochronal ages 
> 10 Myr, whereas four of them show a significant lithium 
depletion. The ages derived from the amount of lithium de- 
pletion confirm the ages derived from isochronal lines. 

To estimate the expected total number of older 
stars in the ONC this sample must be extrapo- 
lated to the entire O NC. The actual total mass o f 
the ONC is given by iHiUenbrand fc HartmannI (|l998l ) 
to be about 1800 Mp) . Using the universal or stan- 
dard / canonical IMF ([Kroupa _ 200ll: Weidner fc Kroupal 



iPalla et all (|2005l ) selected a sample of 84 stars in the range 
«0. 4-1.0 Mq and with isochronal ages greater than ~ 1 Myr 



l2006l : iPfiamm-Altenburg fc Kroupal |2006| ) and the "WK- 
normalisation" method the ONC should have formed 694 
low-mass stars in the mass regime 0.4-1.0 Mq. Note that the 
" WK-normalisation" refers to the maxi mum mass of the star 
being determined by the cluster mass jWeidner fc Kroupal 
I2OO4I [2OO6I ). This determines the normalisation constant of 
the IMF. Given 6 older stars out of a sample of 84 stars, 
then 78 stars of this sample should have formed in the ONC. 
Thus, 6/78 X 694 « 53 older stars are expected among 694 
newly formed stars after linear extrapolation. 

4.2 Calculated number of captured stars 

After the collapse time Tc, when the collapse has stopped, 
then a star is identified to be captured by the collapsed 
cloud if the star is gravitationally bound and lies within a 
2.5 pc radius of the centre of th e potential, accord ing to 
the extend of the ONC-survey bv IHiUenbrandl (|l997l ): after 
the collapse stops the distance of the star to the origin of 
the Plummer sphere is less than 2.5 pc and the total en- 
ergy of the stars is less than required to get farther away 
than 2.5 pc from the centre of the potential. This means 
that a captured star is gravitationally bound to the new 
cluster. As the virial mass of the current ONC is about 
4500 Mq but only one half is visible in stellar material 
(|Hillenbrand fc HartmannI Il998l ). the ONC is super- virial 
(kinematically too hot). This can be solved if the ONC is ex- 
pandi ng after gas expulsion ([ Kroupa, Petr fc McCaughreanI 
1999: iKroupa. Aarseth fc Hu rley 2001). The whole cluster 
is expected to have been virialized between the stop of the 
pre-cluster cloud core collapse and the start of gas expulsion. 
After gas expulsion the older captured stars follow the dy- 
namical evolution of the young star cluster. So it is justified 
to identify a captured star by the criterion that it be grav- 
itationally bound to the collapsed cloud when the collapse 
of the pre-cluster cloud core stops. 

The number of captured stars in dependence of the col- 
lapse time-scale, Tc, can be seen in Fig.[T] The initial stellar 
density is 2.44 stars/pc^ implying a total number of stars 
placed initially within a 2.5 pc radius around the centre 
of the potential of 160 (Section 13. 2p . A decreasing collapse 
time means that the time-dependent period becomes shorter 
and the potential behaves increasingly as an instantaneously 
switched on potential. Therefore only those stars being ini- 
tially within the 2.5 pc sphere can be captured for short 
Tc. Out of these candidates only that fraction of stars is 
captured having a velocity less than a certain limit. Thus 
the models with the shortest collapse time of 0.1 Myr con- 
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Figure 1. Number of stars within 2.5 pc of the centre after the 
collapse time-scale, Tc, has elapsed and the collapse stops. 
Top: Number of stars within 2.5 pc of the centre of the poten- 
tial and gravitationally bound. Bottom: Number of stars within 
2.5 pc of the centre of the potential. Symbols: Models with a 
one-dimensional velocity dispersion, cr, of the background field in 
presence of the collapsing cloud: rr = 0.5 km s~^ ( + ), 1.0 km s^^ 
( ), 1.5 kms-l (#), 2.0kms-l (□), 2.5 km s'^ (■), 3.0 km s^^ 
( ). The open triangles denote the number of stars within 2.5 pc 
radius of the centre of the background sphere with time if no 
cloud potential is present for two different field-star velocity dis- 
persions: a = 0.5 km s~^ ( ) and 3.0 km s~^ ( ). The horizontal 
line marks the region of the 53 expected older low-mass stars in 
the ONC. For details see text. 



verge against the initial star number of 157 with decreasing 
field-star velocity dispersion (Fig. (TJ top). With increasing 
collapse-time more stars are able to move inwards loosing 
energy in the time-dependent potential and the number of 
captured stars increases. In the case of the highest field-star 
velocity dispersion the number of captured stars turns over 
at large collapse times because the potential is very low ini- 
tially for a longer period. The difi'usion of the background 
sphere then dominates over orbit focussing by the increasing 
potential. 

To compare the number of captured stars calculated 
in these simulations with the number expected it has to 
be taken into account that the test particles forming the 
background sphere represent a realistic stellar population 
having a mass spectrum. Given a canonical IMF 13.5 per 
cent of all stars lie in the mass regime 0.4-1.0 Mq. For the 



preferential value of the collapse time of 5 Myr the number 
of captured stars is 42 (510) if the velocity dispersion of the 
background sphere is 3.0 (0.5) km s"^ , resulting in 6 (69) 
captured low-mass stars. 

Given its age of about 1 Myr the ONC is already dynam- 
ically evolved and has expelled its gas almost completely. 
Its virial mass of about 4500 Mq is more than twice larger 
than the stellar mass. Being nearly virialized at its forma- 
tion the ONC has already started to expand implying that 
its concentration must have been larger initially and its de- 
scribing Plummer parameter bo must have been smaller than 
0.3 pc, when cloud collapse has s topped. This has be en con- 
firmed by numerical simulations (jKroupa et ahlfioOll ). Thus 
the potential would have been deeper than assumed in the 
present calculation, and the number of captured stars would 
be higher than determined here. 

Therefore, the existence of older stars in the ONC does 
not necessarily imply that star formation is prolonged - dy- 
namical capture can explain the presence of older stars in 
the ONC and in young star clusters in general. 

From the dynamical point of view these gravitationally 
bound stars are true cluster members. It is not a question 
of measurement accuracy that these stars are identified to 
be cluster members. So even GAIA can not distinguish be- 
tween the older stars captured by cloud collapse and the 
stars formed in the young star cluster, although on average 
the captured stars would have a fiatter density profi le than 
the stars formed in the cluster (|Fellhauer et al.ll2006l ). 

As the membership probability of the samp l e of l ow- 
mass stars in the ONC, selected by iPalla et al.l (|2005l ), is 
greater than 90 per cent but not 100 per cent, based on 
proper motion and radial velocity studies, it is possible that 
these older stars (or some of them) are part of the fore- 
and background contamination. But independently of the 
true origin of these older stars, stellar capture during pre- 
cluster cloud collapse must be a true physical process and 
older stars among newly formed stars in a young star cluster 
should exist. 



5 ENHANCEMENT OF STELLAR DENSITY 

In the previous section only those stars were considered 
which are gravitationally bound. These constitute a fraction 
of all those field-stars which are defiected from their initial 
orbit and are focussed towards the centre of the cluster. In 
general, the density of the field-stars will deviate from their 
constant initial density in two ways. 



5.1 Slowed-down dilution of an OB association 

In absence of a collapsing pre-cloud cluster core the OB as- 
sociation will disperse due to its internal velocity dispersion. 
In presence of such a collapsing cloud the stars are increas- 
ingly attracted towards the centre of the newly formed clus- 
ter. Therefore the field-star density near the cluster centre 
will be kept higher during the cluster formation than in ab- 
sence of the cluster potential. In the case of a collapse-time 
of 5 Myr and a field-star velocity dispersion of 3 km s~^ 
the number of stars within 2.5 pc of the centre of the back- 
ground sphere is 108 (with cloud collapse) and 10 (without 
cloud collapse) when the collapse stops. This means that the 
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field-star density will be kept higher by a factor of 10 due 
to the attracting potential by the collapsing cloud (Fig. [TJ 
bottom). 



5.2 Underestimation of background subtraction 

When the pre-cluster cloud becomes increasingly compact 
then the radial dependence of its potential increases. The 
density of the field-stars is expected to show a similar de- 
pendence, getting higher towards to the cluster centre. The 
corresponding ratios of the field-star densities in the newly 
formed cluster and the cluster vicinity are plotted in Fig. (2] 
After the collapse has stopped the cluster density, pc, is cal- 
culated by the number of field stars within 2.5 pc radius of 
the cluster centre. The density of the field-stars, psh, in the 
cluster vicinity is calculated by the number of stars within 
the shell limited by the radii of 10.0 and 7.5 pc. For a col- 
lapse time of 5 Myr and a field-star velocity dispersion of 
3 km s~^ the density of the field-star in the new cluster is al- 
most 10 times higher than in the vicinity of the cluster. This 
has to be taken into account when surveys of star clusters 
are corrected by the fore- and background contamination. 

In general three tendencies can be seen, i )The density 
contrast increases with an increasing collapse-time, ii) For 
a constant collapse time the density contrast increases with 
an increasing initial velocity dispersion of the background 
population, iii) With increasing collapse-time the final den- 
sity ratios for different initial velocity dispersions are less 
different. 

The behaviour of the data in Fig. [2] can be under- 
stood by noting the following: If the full potential would 
be switched on instantaneously then the density contrast 
would be unity. With an increasing collapse-time more stars 
can move towards the cluster centre and the density con- 
trast increases. Within a constant collapse-time more stars 
can move towards the cluster centre if the initial velocity 
dispersion is higher. 



6 DISCUSSION 

As the region, where the ONC lies in, is a location of high 
star formation, the initial conditions prior to pre-cluster 
cloud collapse, i.e. the stellar density and distribution, are 
difficult to estimate. If the older ONC stars have not formed 
in the ONC as a result of prolonged star formation then 
where could they have formed? 

Given the age of the associa tion Orion OBlc s urround- 
ing the ONC of about 4.6 Myr (|Brown et al.lll994 ) the ob- 
served older stars in the ONC, having an age greater than 
10 Myr, can not have formed in the parent cluster of this 
association. 

The association Orion OBla has an age of approxi- 
mately 11 Myr. The projected distance from its centre to the 
ONC is of about 5 degrees, i.e. 35 pc given a mean distance 
of 400 pc of both associations. The line-of-sight distance be- 
tween Orion OBla and the ONC is approximately 117 pc 
l| Brown et al.i 1999). Then the probably captured low-mass 
stars, if formed in the association Orion OBla, must have 
had a spatial velocity of 12 km s~^ relative to the centre of 
the ONC for them to have drifted to the current distance of 
the ONC. If the time-scale of the pre-cloud core collapse is 
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Figure 2. Ratio of the field-star density in the cluster, pc, and 
in the vicinity of the cluster, p^ij, after the collapse has stopped. 
Density in the cluster: Number of stars within 2.5 pc radius of 
the cluster centre divided by the volume of the sphere. Density 
in the vicinity: Number of stars in the shell between 10 and 
7.5 pc divided by the volume of the shell. Symbols: Models with a 
one-dimensional velocity dispersion, cr, of the background field in 
presence of the collapsing cloud: a = 0.5 km s^^ { ), 1.0 km s~^ 
( ), 1.5kms-l (^), 2.0kms-l ( ), 2.5 km s^^ (■), 3.0 km s"! 
( ). 



taken into account the velocity must be even higher. Stars 
from su ch a population wou ld not have been captured. Addi- 
tionally, [Brw^^eF^al] (|l999l l listed 61 OB stars for the Orion 
OBla association. Given a canonical IMF the parent cluster 
should have contained about 3150 Mq in stars and there- 
fore 1100 stars between 0.4 and 1.0 Mq. If all these low-mass 
stars are completely radially dispersed during the expansion 
of the OB-association the stellar flux at the ONC would 
have been 6 x 10"'^ stars/pc'^. Given a radius of 2.5 pc of 
the ONC then 0.5 stars with masses between 0.4 and 1.0 Mq 
have passed through the ONC, too few compared to the es- 
timated number of older low-mass stars of 53. It seems to be 
unlikely that these older stars have formed in Orion OBla, 
although its age would be consistent with this. 

The ne arer association O rion OB lb has an age 
of 1.7 Myr (iBrown et al.l 1 19941) Thi s is contrary to the 
ages determined by iBlaauwl (|l99l[ ) (7 Myr) and by 
IWarren fc Hessen () 19781 ) (5.1 Myr). Nevertheless, it can be 
concluded that Orion OB lb might be too young to be the 
origin of the older stars in the ONC. 

The compact ON C has 3500 s t ars w ithin a radius of 
2.5 pc around C ijHillenbrandl Il997h . giving a num- 
ber density of 528 stars pc~^. As the current ONC has 
an age of approximately 1 Myr it is already dynamically 
evol ved. Using full A^-bod y simulations including gas expul- 
sion iKrou^a^i^irset^^JHur ley (2001) have shown that ini- 



tially the ONC may have contained approximately 10 stars 
and brown dwarfs to match its current state. This means 
that the ONC has already lost 65 per cent of stars. To get 
20000 stars within a sphere of 25 pc in diameter 2 ONC-type 
cluster are required. This huge amount of past star forma- 
tion should still be observable in terms of an association. At 
least the 2 x 39 = 78 O-stars, given a canonical IMF, should 
still be visible. Give n the live time of a 2 Mq star of ap- 
proximately 9.9 Myr (jSchaerer et al.ll 19931 ), then 2 x 10 = 20 
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supernovae should have occurred, where 10 m > 20 Mq 
stars occur in a population of 39 m > Mq stars. Reduc- 
ing the radius of the background sphere to 9.9 pc then only 
10000 stars or one ONC-type star cluster would be required 
to keep the initial stellar density of 2.4 stars/pc^. Using a 
canonical IMF the mass of a star cluster must be less than 
160 M0 to contain less than 1 O star. Nearly 20 such low- 
mass clusters are required to produce 2 x 10* stars in total. 
If the background sphere had only a radius of 9.9 pc then 
only 10 such low-mass clusters are needed to form the initial 
background density. If these low-mass clusters formed more 
than 10 Myr ago, then they are not expected to be still vis- 
ible, as such small star clusters disperse rapidly. Also, many 
of these older stars should be mixed up with the ONC. 

However, our results do not exclude the possibility that 
the ONC formed over about 3 Myr, i.e. a few free-fall times 
l|Tan et al.ll2006l ). The important time scale for the effects 
described here is the time scale of potential formation and 
not the time scale of star formation. 

Possibly, the most likely source of the older low-mass 
star population might be a large number of small groups 
producing low-mass s tars as are also obse rved today but 
only 10 Myr earli e r jMegeath et al.l bOOSl ). For example, 
iKroupa fc Bouvierl (|2003l ) have shown that small Taurus- 
Auriga-type groups disperse on a time scale of a few Myr. 

In our initial conditions it is assumed that the ONC 
and the background sphere have the same velocity centroid. 
If the relative velocity between the background sphere and 
the collapsing pre-cluster cloud core increases then fewer 
stars are expected to be captured. But the pre-cluster cloud 
core of the ONC as well as the earlier star clusters or groups, 
which formed the background stars, may have formed within 
the same molecular cloud. So a relative velocity between the 
different velocity centroids may have been small. 

The increasing potential of the collapsing pre-cluster 
cloud core should not only act on already formed stars but 
also on protostars. Applying the results of the enhancement 
of the background density on the stellar population in the 
molecular cloud Orion A the mean motion of the young stars 
and the protostars should be directed towards the centre of 
the ONC, being more pronounced in the region of the cloud 
nearest to the ONC. 



7 CONCLUSIONS 

We have shown that the existence of older stars in the 
ONC must not necessarily imply that star formation was 
prolonged in the ONC. The time-dependent potential of 
a collapsing cloud can capture older stars of the underly- 
ing OB association. These stars exhibit similar kinematical 
properties leading to their identification as cluster members. 
The number of captured stars is in agreement with the num- 
ber of observed older low-mass stars for reasonable assump- 
tions about the pre-existing field-star population. Neverthe- 
less, some open issues concerning the origin of the field-star 
population remain. 

Additionally, the increasing potential of the collapsing 
cloud leads to an enhancement of the local stellar back- 
ground density causing larger fore- and background contam- 
ination. 

The number of captured stars and the amount of fore- 



and background enhancement significantly depend on the 
deepness of the final potential when the cloud collapse stops. 
Therefore these effects should be more distinc tive for more 
comp act and more massive star clusters (jFellhauer et al.l 
l200d ). 

Moreover, the number of capture stars and the number 
of focussed but not captured stars depend on the surround- 
ing density of the field stars. Therefore the number of older 
stars found in young star clusters that are part of a greater 
star- formation region and/ or are embedded in an OB asso- 
ciation should be higher than in young star clusters formed 
in isolation. 

We conclude that the apparent long formation time of 
young star clusters may be brought into agreement with the 
recent notion that the formation of clusters is a highly dy- 
namic and violent process by taken into account that the 
short formation process leads to stellar capture from an un- 
derlying older field population. This process depends on the 
time-scale of cluster potential formation, the velocity dis- 
persion and density of the field population. 
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